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Abstract The past decade has seen increased interna-

tional recognition of the importance of the services pro-

vided by natural ecosystems. It is unclear however whether

such international awareness will lead to improved envi-

ronmental management in many regions. We explore this

issue by examining the specific case of fish migration and

dams on the Mekong river. We determine that dams on the

Mekong mainstem and major tributaries will have a major

impact on the basin’s fisheries and the people who depend

upon them for food and income. We find no evidence that

current moves towards dam construction will stop, and

consider two scenarios for the future of the fisheries and

other ecosystems of the basin. We conclude that major

investment is required in innovative technology to reduce

the loss of ecosystem services, and alternative livelihood

strategies to cope with the losses that do occur.
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INTRODUCTION

The economic and social transformation of the twentieth

century saw a dramatic increase in human population,

economic activity and demand for natural resources

(Costanza et al. 2007). In particular, the end of World War

II was followed by a marked acceleration in the scope,

scale and intensity of human impacts on the environment

(Costanza et al. 2007). The Millennium Ecosystem

Assessment documented these impacts, and concluded that

they had fundamental consequences for human well-being

(MEA (Millennium Ecosystem Assessment) 2005).

There is some evidence that a reduction in the rate of

anthropogenic impacts on natural ecosystems is occurring

due to declining fertility and birth rates, the emergence of

environmental institutions and governance, and changing

values and behaviours (Hibbard et al. 2007). This decel-

eration, however, is still modest, is confined largely to the

post-industrial economies, and it remains unclear whether

and when signs of deceleration will emerge in other regions

(Hibbard et al. 2007).

We considered this issue through study of the fisheries

of the Mekong river, a biologically diverse and highly

productive ecosystem (Campbell 2009) that is the focus of

intense development attention (Molle et al. 2009). We

examined the potential impacts of proposed dam develop-

ments on fish migrations in the Mekong and their impli-

cations for the basin’s fisheries. These are amongst the

most important of the river ecosystem’s provisioning ser-

vices (MEA (Millennium Ecosystem Assessment) 2005),

and their condition and future prospects provide important

insights into the basin states’ capacity to pursue economic

development while maintaining natural ecosystems and the

services they provide.

DAMS AND FISHERIES ON THE MEKONG

The social and environmental impacts of dams have

attracted considerable concern (McCully 2001; Scudder

2005). In response, the World Commission on Dams pro-

duced policy principles and guidelines (Scudder 2005;

WCD (World Commission on Dams) 2000), the hydro-

power industry developed sustainability guidelines (IHA

(International Hydropower Association 2003), and dams
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have been decommissioned and removed in some countries

(Doyle et al. 2003). Although these changes have been

accompanied by a global decline in new dam construction,

many dams still continue to be built in Africa, Asia and

Latin America in response to demographic and economic

growth, and rising demand for energy.

This continued focus on hydropower investment is clearly

evident in Southeast Asia and especially in the Mekong river

basin. China completed the first dam across the mainstem of

the Mekong in 1995 (Li and He 2008), followed by two

others completed in 2003 and 2008, and a further five are

planned (Barlow et al. 2008). Further downstream, there are

over 100 proposals for new dams in the lower basin that lies

within Cambodia, Laos, Thailand and Vietnam. Of these, 11

are scheduled to be installed on the mainstem of the river

within the next decade. Seven of these are located in Laos,

two in Cambodia and two will be shared between Laos and

Thailand (MRC (Mekong River Commission) 2008).

This massive acceleration in plans for hydropower

development in the Mekong has led to growing concern over

the potential environmental, economic and social costs; in

particular, there is acute concern over the impact on the

basin’s fisheries. With an estimated annual harvest of

2.2 million tonnes of wild fish, the Mekong supports the

world’s largest inland fishery, annually worth US$2.2–3.9

thousand million at first sale and between US$4.3 and US$7.8

thousand million on retail markets (Hortle 2009). This catch

is essential for livelihoods, nutrition and food security, with

annual consumption in the lower basin between 29 and 39 kg

per capita and accounting for 47–80% of total animal protein

consumed (Hortle 2007). It also sustains livelihoods for

millions of people. In Lao PDR more than 3 million people

fish, mainly from the Mekong and its tributaries. In Cambo-

dia, 80% of the 1.2 million people living around Tonle Sap

use the lake and its rivers for fishing (Ahmed et al. 1998).

Dams will bring a range of changes to the river and its fish

habitats (Postel 1997). In particular, altered flow regimes

will degrade the feeding and breeding habitats along the river

(Kummu and Sarkkula 2008), and the physical barrier of the

dam wall will stop migration (Barlow et al. 2008; Baran and

Myschowoda 2008). Because 40–70% of fish catch in the

Mekong depends on species that migrate long distances

along the Mekong mainstream and into its tributaries

(Barlow et al. 2008; Baran and Myschowoda 2008), these

fish stocks will be especially vulnerable to dams built on the

mainstem or lower reaches of tributaries.

DAMS AND FISH MIGRATION

In view of these concerns and the special importance of

migratory fish in the Mekong, we conducted an assessment

of the potential impact of mainstem dams on fish migration

and recruitment in the Mekong and on the fisheries that

depend upon migratory species (Dugan 2008). We did so

under the auspices of the Mekong River Commission and

brought together expertise covering dams and fisheries in

over 20 river systems in Asia, Africa, Australia, Latin

America, North America and Europe. We reviewed available

information on ecological and population characteristics for

important fish species in the Mekong and comparable rivers,

as well as experience in designing and operating hydroelec-

tric dams to minimize impacts on migratory fish populations.

We concluded that the dams currently planned for the

Mekong will have a major impact on the fisheries of the

basin. In particular, we concluded that the barriers created by

the dams will disrupt upstream spawning migration of eco-

nomically and biologically important species (Dugan 2008).

In addition, the downstream drift of fish eggs and larval

stages that sustain fisheries recruitment will be compro-

mised, mainly because juvenile life stages will be trapped in

the impoundments. Dams in the middle and lower reaches of

the lower Mekong basin, including in the major tributaries,

will stop the longest migrations and disrupt recruitment to

the lower reaches of the river. Although the impacts of dams

higher in the basin and on individual tributaries will be

restricted to the fish populations that use these reaches, these

populations contribute substantially to fish production along

large stretches of the river (Poulsen et al. 2002).

In other regions of the world, a suite of fish passage

technologies has been developed to partially mitigate the

impacts of dams. However, our assessment concluded that

existing mitigation technology in the form of fishways, locks

and lifts cannot cope with the scale of fish migration on the

Mekong mainstream, which involves over 50 species, many

tens of millions of individuals, and biomass that is much

greater than that found today in the rivers of Europe and

North America (Dugan 2008; Baran et al. 2001; Halls 2009).

In addition, fish passage mitigation measures for dams in

North America and Europe necessitated research and

development conducted over decades, and relied on teams of

experienced biologists and fish passage engineers. Similar

investments would be needed in the Mekong before any level

of certainty on their effectiveness could be determined.

Furthermore, specific mitigation measures adapted to the

species and hydrological conditions of the Mekong would

need to be designed from the start and integrated into dam

engineering and operation. Given the lack of investment so

far, it is unlikely that any substantial mitigation measures

will be available in the foreseeable future.

WILL MORE DAMS BE BUILT?

There is strong evidence that dams on the Mekong main-

stem will stop a significant portion of the longitudinal fish
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migration required to sustain the river’s fisheries at present

levels. In contrast, we see no evidence that the drivers of

environmental sustainability (Hibbard et al. 2007) have

enough traction in the Mekong region to have an impact on

the forces currently driving investment in dam construc-

tion. For this to change, increased awareness is needed at

multiple levels, together with adequate technical capacity,

and better environmental governance (Hibbard et al. 2007;

Lambin 2005). These factors are today only present in the

Mekong basin to a limited degree. Although many of the

60 million people who live in the lower Mekong basin are

keenly aware of the importance of the river’s fisheries, and

those who fish recognize changes in catch (Baran and

Myschowoda 2008), they generally have little knowledge

of the potential impacts that future dams may have on their

livelihoods and food security (Osborne 2009). Public

engagement in environmental assessment activities, in

particular, remains limited (UNEP et al. 2006), fisheries

rarely appear in the discourse of politicians (Friend et al.

2009), and most water resource developers are unaware of

the importance of the fisheries or the impacts of dams

(Osborne 2009).

Similarly the limited science capacity in the basin con-

strains the emergence and use of new technology, as does

the tendency of current national planning approaches to

focus on the benefits of dams and give little attention to

impacts (Dore 2003; Molle 2005). Moreover, governance

conditions within the basin are not conducive to robust

debate of these and other issues (Lebel and Garden 2005;

Öjendal and Mathur 2002). Cooperation between govern-

ment agencies and NGOs in particular is limited, and with

the exception of Thailand few domestic NGOs are able to

represent local community interests independently (UNEP

et al. 2006; United Nations 2008). The impact of the Me-

kong River Commission, the one institution charged with

facilitating regional cooperation in management of the

river, is also limited (Dore 2003; Ratner 2003), as is debate

of sustainable development options at the national level.

CONCLUSION

Our assessment provides no evidence to suggest that the

current drive towards dams on the mainstem of the Mekong

will stop. We conclude that if this proves correct a large

part of the river’s fish production, and the economic,

nutritional and social benefits of this ecosystem service will

be lost in the coming decades. Given this grim prognosis

for Mekong fisheries, we consider two broad scenarios for

the future well-being of people who depend upon these

resources. In the first institutions and communities are

unable to adapt to dams, with the significant loss of fish-

eries and other benefits that we foresee. This will in turn

result in large scale loss of livelihoods and nutrition and

social disruption for millions of people in the basin, and

especially in the low income communities of Cambodia,

Laos and Vietnam. This pessimistic scenario dominates the

international environmental discourse on the Mekong

(McCully 2001; Rivers 2009). It raises the prospect of

increased social conflict and rural-to-urban migration in

search of employment (Osborne 2006). Given that 80% of

the basin remains rural and urban employment is still

limited, this scenario also raises the risk of increased

movement of people beyond the confines of the basin

(Homer-Dixon 2001).

In the second scenario, the basin’s institutions and

communities adapt successfully to the environmental,

economic and social changes that arise as a result of dam

construction and the loss of fisheries. This optimistic sce-

nario dominates the discourse of dam proponents who

argue that hydroelectric power will help drive economic

diversification, and the income generated through the

export of electricity will provide for other investments in

the national economy (World Bank 2009). These will

provide for enterprise development in both rural and urban

settings and employment for those who can no longer earn

income from fishing. These are plausible arguments, and

Asia’s economic growth in recent decades provides reason

for optimism. In contrast, substantial international experi-

ence of dam development suggests that the probability of

successful adaptation by fishing communities in the face of

ecosystem degradation is low (Scudder 2005; WCD (World

Commission on Dams) 2000), especially without first

investing in diversifying and strengthening livelihoods so

that the poor are better able to cope with the changes

arising from dam development. This will be especially

difficult for the Mekong given the limited capacity of

national institutions to pursue integrated approaches to

basin development (UNEP et al. 2006), and the marginal

participation of poor stakeholders in political decision

making (Dore 2003).

Future innovations may help society meet challenges

currently believed to be insurmountable (Hibbard et al.

2007). In the Mekong investments to identify, develop and

apply such innovations are now required urgently. These

will need to tailor the planning, design and operation of

dams to sustain river fisheries and other ecosystem ser-

vices. This has so far proved elusive in all other major

rivers with hydropower developments similar to those

proposed for the Mekong, and doing so in the Mekong

presents a formidable challenge. In the absence of such a

breakthrough, current best evidence suggests significant

and rapid loss of natural ecosystems and their services in

the basin, leading to major social and economic impacts.

The search for innovative solutions that avoid such impacts

therefore needs to accelerate, while being accompanied by
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investments that build capacity to adapt to the prospect of

declining fisheries and other ecosystem services. Such

adaptation will inter alia need to consider new livelihood

strategies for large numbers of people living along the

Mekong and its tributaries. Only by pursuing this dual

approach will it be possible to minimize the negative

impacts of future basin development on the poor who

depend on the basin’s natural ecosystems.
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Eric Baran
Address: WorldFish Center, Phnom Penh, Cambodia.

Glenn F. Cada
Address: Oak Ridge National Laboratory, Oak Ridge,

TN 37831-6036, USA.

Daqing Chen
Address: Yangtze River Fisheries Research Institute, Jingzhou City,

China.

Ian G. Cowx
Address: Hull International Fisheries Institute, Hull, UK.

John W. Ferguson
Address: Northwest Fisheries Science Center, Seattle, WA 98112,

USA.

Tuantong Jutagate
Address: Ubon Ratchathani University, Ubon Ratchathani, Thailand.

Martin Mallen-Cooper
Address: Fishway Consulting Services, St Ives Chase, NSW 2075,

Australia.

Gerd Marmulla
Address: Food and Agriculture Organization of the United Nations,

Rome, Italy.

John Nestler
Address: US Army Corps of Engineers, Concord, MA, USA.

Miguel Petrere
Address: Universidade Estadual Paulista, 13506-900 Rio Claro,

Brazil.

Robin L. Welcomme
Address: Stoke by Clare CO10 8HJ, UK.

Kirk O. Winemiller
Address: Texas A&M University, College Station, TX 77843-2258,

USA.

348 AMBIO (2010) 39:344–348

123
� Royal Swedish Academy of Sciences 2010

www.kva.se/en


	Fish Migration, Dams, and Loss of Ecosystem Services  in the Mekong Basin
	Abstract
	Introduction
	Dams and Fisheries on the Mekong
	Dams and Fish Migration
	Will More Dams Be Built?
	Conclusion
	Acknowledgements
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


